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The recent and rapid growth of horizontal drilling in the Anadarko basin
necessitates newer studies to characterize reservoir and source rock quality in the region.
Most oil production in the basin comes from the Granite Wash reservoirs, which are
composed of stacked tight sandstones and conglomerates that range from Virgillian (305299 Ma) to Atokan (311-309.4 Ma) in age. By utilizing geophysical well logging data
available in raster format, the Granite Wash reservoirs and their respective marine
flooding surfaces were stratigraphically mapped across the regional fault systems.
Additionally, well log trends were calibrated with coincident core data to minimize
uncertainty regarding facies variability and lateral continuity of these intervals. In this
thesis, inferred lithofacies were grouped into medium submarine fan lobe, distal fan lobe,
and offshore facies (the interpreted depositional environments). By creating isopach and
net sand maps in Petra, faulting in the Missourian was determined to have occurred
syndepositionally at the fifth order scale of stratigraphic hierarchy.
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CHAPTER I
INTRODUCTION

1.1

Study Area

The Granite Wash play located in the Anadarko Basin (figure 1) is a hydrocarbon
saturated interval that is roughly 10,000 ft thick and is composed of tightly stacked
unconventional reservoirs. It is a productive hydrocarbon source, with tens of thousands
of proven commercial wells having been drilled in the basin since the 1920s (LoCricchio,
2012). However, publicly available subsurface data from the Granite Wash play is limited
due to the unwillingness of production companies to share data and information that led
to successful well placement and production. Additionally, subsurface characterization is
further hindered by several challenges due to poor lateral continuity near the Amarillo
Mountain Front (LoCricchio, 2012) and a lack of publicly available slabbed core.
To properly characterize the source rocks and reservoirs of the Missourian
Granite Wash interval, this thesis will: (1) map subsurface architecture of the source
rocks and reservoirs; (2) generate source rock and reservoir-scale structure maps, isopach
maps, and net sand maps and interpret the effects of faulting; (3) interpret core from the
Mills Ranch or Stiles Ranch Oil Fields and identify/classify facies from the Missourian
interval; and (4) calibrate well logs to core facies and descriptions. The results of this
research will benefit industry professionals by producing an improved overall
1

understanding of the stratigraphic architecture and facies distributions within the Granite
Wash. Additionally, results from this study can be applied to nearby oil fields outside of
Roberts, Hemphill, and Wheeler County but still within the overarching regime of the
Anadarko Basin, where many of the same formations are found and considered potential
plays. Finally, although the Anadarko Basin is not a typical foreland basin, the
methodology used in this study could be applicable to cratonic foreland basins with
similar depositional settings, particularly those with very high sedimentation rates due to
crustal uplift (Mascle & Puigdefabregas, 1998; Riba, 1964).
1.1.1

Objectives and Hypotheses

One objective of this research is to stratigraphically map and correlate arkosic
reservoirs and radioactive hot shales (source rock) in the Missourian Series across the
Lips and Mountain View fault systems using gamma ray (GR), bulk density (ρb or
RHOB), and deep resistivity (or dual induction) curves logged from producing wells in
the Missourian Series Hogshooter Granite Wash and the Checkerboard Granite Wash
reservoirs. Then, by creating the subsurface framework, faults can be found, corrected,
and timed after generation of fifth order isopach and net sand maps. The subsurface
framework can also be calibrated to core analysis to show distribution of lithology and
allow for interpretation of depositional environment. Two objectives also involve testing
whether faulting occurred in the Missourian and testing whether the same depositional
environment observed in the Desmoinesian/Marmaton wash is the same as that observe in
the Missourian wash. This study hypothesizes there was faulting in the Missourian and
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that the depositional setting was a near coastal mountain range with alluvial fans, fluvial
channels, beach, submarine fans, distal lobes, and an offshore setting.
Well log readings were calibrated to core available at the Texas Bureau of
Economic Geology through the production of lithological descriptions and lithofacies
identification. The lithofacies were then tied to a depositional environment interpretation.
The well log cutoff tool available in Petra software was used to create net sand maps and
delineate areas of greatest reservoir thickness. Gamma ray (GR) maps were used to
identify areas of high source rock thickness. I hypothesize the environment will be
interpreted as fan deltaic, in line with the results of previous studies which concluded the
environment to be fan deltaic (Jordan, 2017; Koch et al., 2017; Salantur, 2016). I also
hypothesize that by creating isopach and net sand maps of the well logs, fault movements
can be shown to have occurred during the Missourian and can be timed to specific
flooding surface cycles.
Key deliverables include: one NE-SW stratigraphic cross-sections across the
Mills Ranch Oil Field (MROF) and Stiles Ranch Oil Field (SROF), one NW-SE crosssection and a perpendicular NE-SW cross-section, a subsurface structural map for each
picked top, eight fifth order isopach maps for each fifth order cycle, three fourth order
isopach maps for each fourth order cycle, one third order isopach map for the entire
Missourian interval, net sand isopach maps above each radioactive shale flooding
surface, high gamma ray isopach maps for each radioactive shale flooding surface, and
core photos/descriptions calibrated to well log trends to enable interpretation of
depositional environments in non-cored wells.

3

1.2

Geological Setting and Background

The Anadarko Basin is a structurally complex region with a collection of
hydrocarbon-saturated reservoirs formed by stratigraphic and structural trapping
(Johnson, 1989). The basin is bounded to the southwest by the Amarillo-Wichita
Mountain fault system and to the southeast by the Ouachita Mountains, which serve as
the primary sources for sediment infill within the basin (Evans, 1979). The basin is
bounded to the north by the Kansas Shelf, to the east by the Nemaha Uplift, and to the
west by the Hugoton Embayment and Cimarron Arch (Figure 1.1) (Ball et al., 1991). The
reservoirs within the Granite Wash intervals of the Anadarko Basin are composed of
conglomerate, arkosic sandstone, and carbonate lithofacies (Figure 1.2) (Ball et al.,
1991). The arkosic sandstone and conglomerate reservoirs are derived from erosion of
Lower Paleozoic igneous and sedimentary rocks in the nearby Amarillo-Wichita
Mountains, which spilled into the basin as alluvial fans, fan deltas, debris flows, and
turbidite flows (Higley, 2014). The sediment eroded and migrated westward into the
Anadarko basin along the Nemaha Uplift during the Early Missourian (Moore, 1979).
Clastic sediment from the Ouachita mountains was also deposited in the adjacent Arkoma
basin to the east. The reservoirs are colloquially referred to as the “Granite Wash.” The
radioactive shale marine flooding surfaces separating the Missourian Wash reservoirs
were deposited during sea level highstands and are believed to be the hydrocarbon source
of the Missourian interval (Mathis, 2015).
The Granite Wash play extends over 125 mi. from Roberts County, Texas to
Washita County, Oklahoma along the southwestern side of the Anadarko basin. The
Granite Wash Reservoirs were deposited over three stages during the Pennsylvanian: the
4

Atokan, the Desmoinesian, and the Missourian (Mitchell, 2011; Mitchell, 2014). Each
stage produced several reservoirs that have served as drilling targets for nearly a century,
with the first well drilled in 1920 (LoCricchio, 2012). Horizontal drilling of the washes
began in 2002, with most horizontal wells having been drilled since 2008 (LoCricchio,
2012). Most of these horizontally drilled reservoirs are tight, with an average porosity of
approximately 5.2% and an average permeability of < 0.1 md (Mitchell, 2014).
Although much of the drilling focus lies with the wash reservoirs, previous
studies (Salantur, 2016 and Mathis, 2015) have identified Pennsylvanian
mudstones/shales as potential hydrocarbon sources via multi-stage fracture stimulation
(LoCricchio, 2012). These “hot shales”, which exhibit high total organic carbon, present
a stacked oil/gas development opportunity (LoCricchio, 2012). Few horizontal wells
drilled in the Anadarko basin have targeted these shales (Nowaczewski et al., 2015),
perhaps due to more alluring intervals below the Missourian, coupled with the oil bust of
2014 and a higher likelihood of gas (rather than oil) production. The Desmoinesian-age
interval just below the Missourian possesses at least eleven reservoirs, while the
Missourian only has six (two of which are relatively non-productive). Many major oil
companies and independents have opted to drill in safer plays with known production
rather than explore these new and relatively unknown plays. Additionally, formation
permeability is low, leading to complications when attempting to effectively inject
fracking fluid (Nilangekar, 2014).

5

1.2.1

Focus Area Depositional Settings

In the focus area for this thesis, fan-deltaic, coarse-grained, and sand-rich
submarine fans are the expected depositional model (due to results of similar studies:
Jordan, 2017; Koch et al, 2017; Karis & Pranter, 2015). A submarine fan can be divided
into several architectural elements: submarine fan channels, depositional lobes, sheets,
submarine channel complexes, channelized lobes, braided channels, etc. (Nichols, 2009).
The submarine fan channels may be associated with levees and may incise to the
depositional lobes (which are broad, slightly convex bodies of sediment) (Nichols, 2009).
The incisements created by the channels at the shelf edge created canyons which allow
sediment to be funneled into the ocean basin, sometimes being deposited through a
turbidity current. Channel deposits are typically coarse sands mixed with some gravel to
form thick, structureless beds.
At the distal end of these channel deposits, a spread-out lobe is often found
(depositional lobe). Individual lobes are created via successions of turbidity currents that
deposits progradationally outward on a lobe through time. Lobe progradation may
continue until channel flow is averted to a different part of the fan. Depositional lobes
build up coarsening-upward successions as progradation continues. Figure 1.3 displays a
conceptual submarine fan depositional model with a narrower beach front, coastal plane,
and outward shelf, as well as an adjacent mountain front sourcing all the sediment runoff
in the local area.

6

1.3
1.3.1

Tectonic History
Late Precambrian to Middle Cambrian

The Anadarko Basin went through three distinct periods of basin tectonics that
greatly influenced the ancient depositional environments of the source rocks and
reservoirs considered in this study (Perry, 1989). Figure 1.4 provides a conceptual model
for each stage of the basin’s structural evolution. During the Late Precambrian to the
Middle Cambrian (~560 – 520 Ma), the Anadarko basin’s development began with the
formation of an aulacogen, resulting from failed rifting of a triple junction divergent
boundary (Perry, 1989). Rifting in the north of the Proterozoic Hardeman basin (presently
the Wichita and Arbuckle Mountains) led to the deposition of several large volumes of
basalt flows and gabbronic intrusions (~560 – 540 Ma) (Bowring and Hoppe, 1982).
Granitic intrusions and rhyolite/ignimbrite extrusions followed after erosion and
subsequent emplacement of the previously deposited basalts and gabbros (~540 – 520
Ma) (Perry, 1989; Gilbert, 1983). The arm that failed due to the inferred rifting that took
place during this time is termed the southern Oklahoma aulacogen (Perry, 1989).
1.3.2

Middle Cambrian to Early Mississippian

From the Middle Cambrian to the Early Mississippian (520 – 320 Ma), the
aulacogen cooled and subsided to form a trough (Perry, 1989). During this time, the
Arbuckle limestone and Hunton limestone formations infilled the basin, which began to
cool and collapse due to the earlier rift (Perry, 1979). Adjacent seas infilled the low-lying
trough with marine deposits during a transgression. Into the Late Mississippian and Early
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Pennsylvanian, the Anadarko basin began to evolve into an asymmetric foreland basin as
the region experienced uplift associated with the onset of the Ouachita Orogeny (Evans,
1979).
1.3.3

Early Pennsylvanian

In the early Pennsylvanian (320-250 Ma) the foreland basin underwent rapid
subsidence to form a foredeep (a basin adjacent to a craton which is filled with a thick
deposit of sediment derived from an orogenic belt during uplift) (Ball et al., 1991). With
the Ouachita Orogeny occurring synchronously, old faults from the Southern Oklahoma
aulacogen were reactivated in reverse faults, creating the Wichita fault system (Perry,
1989). The southwestern and western oil fields on the Amarillo-Wichita Uplift clearly
indicated folding and reverse faulting had ended during the Desmoinesian (309.4 – 306.5
Ma) or during the Missourian (306.5 – 305.0 Ma) (Perry, 1989).
1.4

Granite Wash Stratigraphy

The Granite Wash itself is defined as a roughly 10,000-foot Pennsylvanian aged
interval (Atokan to Virgillian, 311-299 Ma) composed of eroded detrital clastics from
uplifted granites, rhyolites, and gabbros in the adjacent Amarillo-Wichita Uplift to the
southwest (Figure 1.5) (Ball et al., 1991). The Cottage Grove, Hogshooter, Checkerboard,
and Cleveland formations/washes are included in the Missourian age sediments of the
Granite Wash, with sediments likely sourced from the nearby mountains (Figure 1.6)
(Ball et al., 1991). Depositional environments have yet to be determined/interpreted from
core and/or presented in literature.
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1.5

Missourian Stratigraphy

The Missourian interval lacks an autonomous naming system; however, Figure
1.6 indicates many of the widely recognized unit names used extensively in academia and
industry. The Missourian is split into the Kansas City Group and the Lansing Group. The
Kansas City Group, which is lower in the stratigraphic column, can be comprised of any
of the following formations depending on geographic location and formation extent: the
Cleveland Sand, the Checkerboard Limestone, the Layton Sand, the Dodds Creek
Sandstone, the Hogshooter Limestone, and the Dewey Limestone. The Lansing Group,
above the Kansas City Group, is typically comprised of the Cottage Grove Sandstone and
the Avant Limestone. In this study, only the Cleveland Sand, Checkerboard Limestone,
Hogshooter Limestone, and Cottage Grove Sandstone were identified.

9

10
Figure 1.1

Regional base map (adapted after Salantur, 2016).

Figure 1.2

Paleogeographical map of the region encompassing and surrounding the
focus area during the late Missourian (adapted after Moore, 1979).
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Figure 1.3

Depositional settings for the Granite Wash. Adapted after Koch et al., 2017.
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Figure 1.4

Structural evolution of the Southern Oklahoma Aulacogen from the
Cambrian to the Permian (taken from Perry, 1989).
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Interval of interest

Figure 1.5

Diagrammatic north-south cross section through the deep Anadarko basin (adapted after Ball, 1991).
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Gas Play
Oil Play

Figure 1.6

Detailed stratigraphic column of the Pennsylvanian Anadarko Basin formations (adapted from Mitchell, 2014 and
Hentz & Ambrose, 2011).

CHAPTER II
DATA AND METHODOLOGY

2.1

2.1

Data Collection and Processing

For this thesis, raster logs from over 9,000 wells (provided by the Mississippi
State Department of Geosciences), extending over approximately 2751 sq. mi. within
Hemphill, Roberts, and Wheeler counties of the Texas panhandle (the only counties
available as part of the dataset), were assessed. Wells with log data not deep enough or
too deep to show the Missourian Series (approximately 7,000 – 12,000 ft. measured
depth) were discarded. Of the remaining 6800 wells, those with gamma ray, resistivity,
laterolog, elog, induction, bulk density, density/neutron, induction/density, and
density/sonic data were identified with MJ LogSleuth2 and imported into Petra software
(Figure 2.1). The wells were further narrowed down to those located in the Stiles Ranch
Oil Field and Mills Ranch Oil Fields within Wheeler County (where the Missourian has
seen the strongest horizontal and vertical shows), resulting in 148 remaining wells
(Figure 2.2). All wells and maps created in Petra were plotted with a projection of North
American Datum 27/ Universal Transverse Mercator Zone 14N (with X and Y values in
ft), the Clarke 1866 ellipsoid, a central meridian of -99.00, a false easting of 1640416.67
ft, a false northing of 0.0 ft, latitude of origin of 0.0, and a scale factor of 0.99960
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Formation tops for the Missourian Series were chosen from literature based on
maintaining consistency with convention and common use from other companies and
researchers studying the same regional area (Mitchell, 2014). Tops to be mapped include
the Tonkawa Sandstone, the Cottage Grove Top, the Cottage Grove Flooding Surface 1,
the Cottage Grove Flooding Surface 1 Bottom, the Cottage Grove Flooding Surface 2,
the Cottage Grove Bottom, the Hogshooter Top, the Hogshooter Flooding Surface 1, the
Hogshooter Flooding Surface 1 Bottom, the Hogshooter Flooding Surface 2, the
Hogshooter Bottom, the Checkerboard Top, the Checkerboard Flooding Surface 1, the
Checkerboard Flooding Surface 1 Bottom, the Checkerboard Flooding Surface 2, the
Checkberboard Bottom, the Cleveland Top, the Cleveland Bottom, and the Marmaton
Top (Missourian Bottom). Each of the listed formations were picked for each well used
in the study (when visible) to interpret the stratigraphic framework of the study area. The
picked formation tops were used to generate structure and isopach maps, which were
contoured. Isopach maps of thickness and net sand thickness were generated and be
plotted together for comparison, as net sandstone mapping helps evaluate major
sandstone trends within the study area. (Hammes et al., 2016) Areas with high sandstone
thickness are likely to be more porous and permeable than the surrounding sediments,
offering a higher reservoir potential (Atkinson & Mei, 2015).
2.2

Well Log Analysis and Correlation Methods

Raster well logs were placed on the following tracks (a column displaying the
variability of wireline measurements): resistivity/induction (left track), bulk density
(center track) (Figure 2.3); gamma ray (GR) curves were consistently present on both
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tracks on the left side, allowing for evaluation of possible misalignment between the two
curves. Because almost all the curves are not digitized, no shading values were used to
represent lithologies or fluid saturation, except on the type log (Figure 2.3). The gamma
ray log measures naturally occurring radioactive material in a formation, such as
uranium, thorium, potassium, radium, etc. (Asquith, 1982; Asquith & Krygowski, 2004;
Collett, 2013). Shales are more radioactive than sands and carbonates namely due to the
presence of potassium, thorium, and uranium in the rock, making gamma ray logs a
useful method to differentiate shales from sandstone. The gamma ray log is commonly
scaled from 0-200 API units (American Petroleum Institute units) (Collett, 2013). A
typical gamma ray cutoff for shale identification is ~110-120 API units (Asquith, 1982).
However, in the Granite Wash interval along the mountain front adjacent to the fault
systems, gamma ray readings are elevated within multiple sand reservoirs due to
radioactive mineral runoff.
To maintain consistency in picking formation tops, other well log curves must be
incorporated to make accurate top picks and interpret a formation’s lithology. Resistivity
(deep), dual induction, and bulk density logs were utilized to minimize uncertainty in top
picks during well log correlation. Resistivity logs measure resistance to flow of electrical
current, recording measurements in ohm/m (Asquith, 1982). The raster logs in the dataset
do not specify whether the resistivity readings are deep, medium, or shallow (whether
resistivity was measured near or far outside of the area adjacent to the borehole invaded
by drilling fluid). Therefore, a consistent scale for the resistivity curves has yet to be
established with this dataset. Regardless, relative variability in resistivity curves aid the
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identification of sandstones, as formation resistivity decreases significantly in shales and
tends to correspond to high gamma ray readings/spikes.
The induction log was also used in wells where resistivity curves were absent.
The induction log measure conductivity of rock formations by using the following
process (Crain, 1999):
1. Alternating current applied to transmitter coils
2. Alternating magnetic field created in the rock
3. Alternating current generated in the rock
4. Out of phase magnetic field generated by current loops in the rock
5. In-phase voltage generated in the receiver coils
6. Allows for the calculation of RES = K * V / I, where RES is resistivity, K is a
function of the area of the transmitter and receiver coils, V is voltage induced
in an induction log receiver coil, and I is the current circulating in the rock
Additionally, the bulk density curve was evaluated to ensure accuracy in picks
made with the other curves. Bulk density logs are porosity logs that measure electron
density (bulk density) of an interval (Asquith, 1982). The density logging tool functions
as follows (Crain, 1999):
1. Gamma rays are emitted from a chemical source at the bottom of the tool
2. Gamma rays enter the surrounding rocks where some are absorbed
3. Gamma rays not absorbed reach the scintillation counters mounted 18-24
inches above the chemical source
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4. The number of gamma rays arriving at the far detector is inversely
proportional to the electron density of the rock, which is proportional to rock
density.
Bulk density for shales (2.1 - 2.75 gm/cm3), sandstones (2.15 - 2.4 gm/cm3), and
limestone (2.5 - 2.75 gm/cm3) are all fairly similar (Crain, 1999). Though these density
ranges are overlapping, they may assist in shale identification, should gamma ray and
resistivity prove inconclusive. Although the logs of this dataset vary, typical scaling of
the bulk density log ranges from 2 – 3 gm/cm3 (Asquith, 1982).
2.3

Correlation Methods

Wireline log responses were tied to core descriptions in order to inform and verify
interpretations of lithology based upon logging tool observations. Correlations between
logged wells have been easily made, as most of the focus area avoids significant faulting
(adjacent to the mountain front) and is located on the shelf of the basin where the tops are
more laterally continuous, and the flooding surfaces are better preserved. Several
signatures in the gamma ray curve are very recognizable in data (e.g. Tonkawa
Sandstone, flooding surfaces) as their log curve response rarely changed, allowing for
simple correlation. In the context of this study, a gamma ray signature is any log curve
response or shape that consistently appears in different well logs regardless of location in
the study area
The Stearns #1 well drilled on 10/27/1979 (API#: 424833066900) within the
Mills Ranch Field of Wheeler County serves as a suitable sample for core analysis.
Approximately 154 ft (11,050 ft to 11,204 ft measured depth) of slabbed core sample
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exists for the well. Utilizing core logging worksheets, and after approximating an
appropriate scale, the following data were observed or collected at one-foot intervals:
measured depth, grain size, grain sorting, rock type, textural maturity, bed/laminae/ripple
thickness, stratification type, color, type of contact, and any other observable sedimentary
structures. The core logging sheets were later digitized (see Appendix A Figures A.6A.10) and photos of the core were taken as well (Appendix A, Figures A.1-A.5).
Lithologies were then determined and sorted into groups/sub-groups based on grain size,
sorting, energy of deposition, and other sedimentary structures/notable features to
identify facies sequences. Identification techniques followed the methodology of Koch et
al., 2017, who performed a similar study on the Marmaton group (the series below the
Missourian in the stratigraphic column).
2.4

Stratigraphic Analysis Methods

Seventeen regionally correlative stratigraphic markers were correlated in a 148
well dataset with raster curves from the shelf across the Mills Ranch Oil Field (MROF)
and the Stiles Ranch Oil Field (SROF). Loop tying the data was done to verify previous
top picks made. Loop-tying surfaces ensures surfaces chosen first are the same surface
chosen when ending the correlation. To loop tie, dip and strike of the entire focus area
was determined. A quality control point was chosen as the starting well for correlations
(in this study, the core well). Tops were then selected outward from the core well
following up-dip wells (relatively SW) and then later, down-dip wells (relatively NE).
Tops were then chosen along strike by returning to the core well and selecting tops from
wells that followed the strike line (relatively NW-SE). Several loop tie intervals
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following strike and dip were made to authenticate areas of the focus area and encompass
all wells in the dataset.

2.5
2.5.1

Map and Gridding Methods
Gridding Method

Contour maps were generated by constructing gridded surfaces from wells, faults,
overlay contours, and user control points. The grid file contained regularly spaced values
interpolated from the original dataset. Contours were drawn from the gridded surface
data. Petra allowed for selection of data to use in its gridding task, such as formation tops
or pay intervals. Maps were gridded with XY calculations for deviation wells at the top to
generate a structure map rather than a map of measured depths. Under Petra’s method tab
for gridding, grid size was estimated from Z data. Isopachs were generated in a similar
fashion, but rather than using formation tops as data, a zone for each formation had to be
designated (by selecting the top formation marker and the bottom formation marker of
the formation).
2.5.2

Net Sand Maps

A net sand map is the total thickness of sand in a geologic unit, excluding all
other lithologies in the geologic unit. Areas with high sandstone thickness are likely to be
more porous and permeable than the surrounding sediments, offering a higher reservoir
potential (Atkinson & Mei, 2015). Six fifth order net sand maps were created, each
22

beginning with a flooding surface and moving upward until another flooding surface was
encountered: the Cottage Grove Flooding Surface 1, the Cottage Grove Flooding Surface
2, the Hogshooter Flooding Surface 1, the Hogshooter Flooding Surface 2, the
Checkerboard Flooding Surface 1, and the Checkerboard Flooding Surface 2.
For net sand maps, a pay interval was determined based upon the variability of the
gamma ray track in each well. Pay in the context of this study refers to a portion of the
reservoir (the sand intervals) that may contain economically recoverable hydrocarbons.
Above each flooding surface and below the next above top, a pay interval was typically
designated as any Gamma Ray value under < 105 - 110 API. These values correspond to
the arkosic sandstone observed in the core interval (facies A1 and A2 in particular). In
some well logs, the readings for the gamma ray log suffered from lower amplitude
readings and required re-calibration to properly identify sand intervals.
Pay intervals were first selected above the Hogshooter Flooding Surface 1 & 2,
because the core was calibrated to well log responses in these areas. If the well log read
anything other than the expected API values from the core analysis (~205 – 210 API for
the Hogshooter Flooding Surface 1 and < 105 API for sand), then the pay picks were recalibrated to properly identify sand (e.g. a reading of 160 API for the Hogshooter
Flooding Surface 1 meant sand was chosen at < 80 API). Re-calibration was necessary
due to the varying amplitudes and character of the well logs adjacent to each other. If API
values varied drastically from the expected API values seen in the core analysis, high
values relative to the centerline of the gamma ray log were designated as shale and low
values as sand. Picks from the Hogshooter were extrapolated to the other formations
where core was not available.
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2.5.3

Map Corrections

The entire pay interval picking process allowed for re-verification or corrections
of previous formation top picks that were made during initial correlation. By viewing
every single well log again while pay interval selecting, any egregious or questionable
picks from before were re-interpreted. In some instances, contour gridding of formation
top picks resulted in maps with significant bullseyes, or points significantly higher/lower
in elevation than most surrounding points. Bullseyes were evaluated by re-verifying the
picked top elevation and ensuring the pick was correct based on consistent well log
shapes/responses across the study area. If the top was in the correct place, the Kelly
bushing elevation was checked to see if the stored value in Petra matched the record
Kelly bushing elevation on the raster log image. If the bullseye remained after both
checks, it was assumed the Kelly bushing elevation was improperly input or recorded at
the actual drilling rig. The formation top pick for the wells in question were assigned a
quality code. The map was then re-gridded, omitting any wells with the newly assigned
quality code, resulting in maps free of erroneous looking data.
2.6

Isopach Hierarchy

The isopach maps generated in this study are at three different scales: third-order
sequences, fourth-order parasequence sets, and fifth-order cycles. In following with
Mitchum and Van Wagoner’s definitions of stratigraphic hierarchy (Mitchum and Van
Wagoner, 1990) which are outlined as:
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1) Third-Order: glacially controlled eustatic sea-level changes and deposition of
formations over a duration of 1 to 10 million years
2) Sequence: relatively conformable succession of genetically related strata bounded
at their upper surface and base by unconformities and their correlative
conformities (Vail et al., 1977).
3) Fourth-Order: deposition of beds over a duration of 0.2 to 0.5 million years
4) Parasequence Set: a succession of genetically related parasequences that form a
distinctive stacking pattern that in many cases is bounded by major marineflooding surfaces and their correlative surfaces
5) Fifth-Order: deposition of beds over a duration of less than 0.2 million years
6) Cycle (or parasequence): period of time over a duration of less than 0.2 million
years during which sea level falls from a highstand position to a lowstand
position, and then returns to a highstand position (Vail et al., 1997)
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Figure 2.1

A regional data map that shows over 6,800+ wells with raster log data curves containing at least one of the following
curves: gamma ray, deep resistivity, and bulk density. A digitized type well delineating picked tops nearby the cored
well is on the left side. The location of the cored and type well are shown on the map with unique legend symbology.
The faults plotted come from previous studies (Evans, 1979; LoCricchio, 2012; Jordan, 2017)
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Figure 2.2

A map of the focus area in Wheeler County, showing 148 wells with gamma ray, resistivity, and bulk density covers.
Both the Mills Ranch and Stiles Ranch oil fields are included in the focus area.

Figure 2.2

A diagram illustrating how raster and digital logs were displayed in Petra,
along with a formation top abbreviation/color scheme, and curve shading
colors.
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CHAPTER III
RESULTS

3.1

Introduction

The fault timing hypothesis was tested by creating three different orders of
stratigraphic isopach maps and determining the effect different faults had on thickening
and thinning of the isopach maps, as well as the impact faulting had on facies
distribution. After the construction of the subsurface stratigraphic framework was
finalized in 148 wells, two cross sections, structure maps, is1opachs, and net sand maps
were generated to visualize and observe trends in relief and thickness across fault blocks.
The secondary hypothesis of the expected depositional environment was tested by
interpreting nine different facies from core and associating each facies with three
different depositional settings in the fan delta system. The location of the core well in the
context to the study area can be viewed on Figure 3.1.
3.2

Core Analysis (Facies Identification)

Over a core interval of 154 ft (approximately 54 ft present), nine lithofacies were
identified, interpreted, and described (Figure 3.2; Figure 3.3):
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1) A1: Grey, medium grained arkosic sandstone, coarse in some areas,
predominantly angular to subangular clasts, low sphericity, structureless,
moderately sorted, blocky fracturing, moderate HCl reaction, abundant orthoclase
and limestone fragments
2) A2: Like facies A2, but slightly finer grained, organic debris present,
fossiliferous, with one gastropod observed
3) B1: Medium dark grey, interbedded, ripple-bedded arkosic sandstone, fine to
medium grained, angular to subangular grains, very thin to thin silty ripple beds,
little to no HCl reaction
4) B2: Like facies B1, but has plane bedding and more angular beds or debris;
possible rip-up clasts present
5) C1: Grey ripple-bedded silty mudstone, silty to very fine grained, primarily
subangular to sub-rounded grains, very thin to thin ripples, possible slumping
features
6) C2: Like facies C1, but with mud chips present, both plane and ripple bedding
7) C3: Like facies C1, but medium grey with plane laminations instead of ripple
beds, some mature grains, more fissile
8) D1: Black mudstone with sand lenses, clay and silt grain sized, immature sand
grains, well sorted, very thin to thin bedding, very fissile fracturing, no HCl
reaction
9) D2: Black oil shale, mud sized grains, mature, very well sorted, laminae present,
only 0.5” sample present prior to missing core gap, strongly corresponds to
Hogshooter Flooding Surface 1 Top
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3.2.1

Core Facies Groups

The nine process-sedimentology lithofacies were placed into one of three
depositional environment groups based on the lithofacies description (grain sizes, grain
sorting, sedimentary structures, bed types and thicknesses, and depositional formation
process interpretations): (1) medial submarine fan slope deposits; (2) distal submarine fan
lobe deposits; and (3) offshore deposits. In the context of this study processsedimentology refers to detailed bed-by-bed description of siliciclastic sedimentary rocks
for establishing the link between the deposit and the physics of the depositional process.
Four facies were classified as having been deposited in a medial submarine fan
slope via coarse-grained turbidite to mass transport, turbidite to mass transport, and/or
current modified sands: Facies A1, A2, B1, and B2 (Figure 3.2). A submarine fan is a
body of sediment on the sea floor deposited by mass-flow processes that is typically fan
shaped and elongate. The morphology and depositional character of the submarine fan is
strongly controlled by the composition of material supplied (e.g.: gravel, sand, mud).
They differ from fan deltas in that they are strictly deposited by mass-flow processes
(primarily turbidity currents). Turbidity flows can be described as steady, continuous
flows of sediment-water suspensions that occur in short lived pulses. They are typically
created by the outflow of fluvial water (Nichols, 2009; Shanmugam & Moiola, 1988).
Several characteristics observed in core led to the interpretation of the
depositional environment being a mid-submarine fan. The core was very sand rich and
almost entirely void of gravel (Nichols, 2009). If gravel were present, the depositional
environment would likely be a poorly channelized system. Mud and shale were also
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present in the core, but only in small intervals (Nichols, 2009). A more pronounced
presence of mud would have shown presence of sheets and would indicate depositional
lobes and channel and levee complexes as the primary depositional environment
(Nichols, 2009). In the core succession itself, sand was the primarily lithology with an
overall coarsening upward trend (Nichols, 2009). Had the core been deposited more
distally, much of the core would have been comprised of fine-grained turbidites (Nichols,
2009). Had the core been deposited more as an inner fan, abundant conglomerates and
gravel sized turbidites would be present, more so than the sand sized grains (Nichols,
2009). The isopach and sand maps produced in this study are also strongly indicative of a
submarine fan system, with the shapes of several. Additionally, the A and B facies
observed in this study are very similar to facies identified as being mid-fan in previous
studies in the region (Jordan, 2017, Koch et al., 2017).
Three facies were classified as having been deposited in a distal submarine fan
lobe deposited via fine-grained turbidites: Facies C1, C2, and C3 (Figure 3.2). Fine
grained turbidites are characterized by shorter intervals of coarser grained material and
higher frequency of fine-grained sediment packages (Nichols, 2009; Shanmugam &
Moiola, 1988). Several characteristics observed in core led to the interpretation of the
depositional environment being a distal submarine fan. The C facies were more mixed in
terms of grain size, with some sandy successions and some more fine-grained
successions. The overall trend of the core also remained coarsening upward in the
intervals in which these facies were observed. Additionally, the C facies observed in this
study are very similar to facies identified as being distal-fan in previous studies in the
region (Jordan, 2017, Koch et al., 2017).
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Facies D1 and D2 were classified as having been deposited in a distal, deep
marine environment as hemipelagic sediments being carried across the shelf by wave and
tide energy (Figure 3.3). Mudstone hemipelagites were observed in various areas of the
core, never thickening beyond two ft. They are indicative of deeper water, lower energy
conditions, forming during times of little to no coarse-grain detrital runoff (Nichols,
2009; Shanmugam & Moiola, 1988). Several characteristics observed in core led to the
interpretation of the depositional environment being a deeper water setting. The complete
lack of coarser grained sediment indicates deposition via suspension of settling clay
sediment from the water column in a calm energy setting (Nichols, 2009). Hemipelagic
mudstones are also commonly interbedded in turbidite deposits (Nichols, 2009).
Additionally, the D facies observed in this study are very similar to facies identified as
being distal/hemipelagite in previous studies in the region (Jordan, 2017, Koch et al.,
2017).
Figure 1.3 shows the basic depositional model of the Granite Wash fan-delta
environment the relative location for each of these depositional settings.
3.2.2

Facies Descriptions

Lithofacies A1, A2, B1, and B2 were grouped into the medial submarine fan lobe
depositional setting (Figure 3.2). Lithofacies A1 (by far the most common facies in the
core), was a grey, medium grained arkosic sandstone, primarily medium grained, angular
to subangular with low sphericity, structureless, moderately sorted, blocky fracturing,
with a moderate to strong reaction to HCl (Figure 3.2). Lithofacies A2 was nearly
identical to Facies A1 but was slightly finer grained and some organic debris was present
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(Figure 3.2). Facies B1 was a medium dark grey, interbedded, ripple-bedded arkosic
sandstone, fine to medium grained, angular to subangular, with very thin to thin silty
ripple beds, and little to no HCl reaction. Facies B2 was identical to Facies B1, except
plane bedding was present (rather than ripple beds) (Figure 3.2).
Lithofacies C1, C2, and C3 were grouped into the distal submarine fan lobe
depositional setting (Figure 3.3). Facies C1 was a grey, ripple-bedded, silty mudstone,
with silty to very fine grain sizes, primarily subangular to subrounded grains, very thin to
thin ripples, and had some possible slumping features (Figure 3.3). Facies C2 was very
similar to Facies C1, with the only difference being the presence of mud chips and plane
beds in addition to the ripple beds seen in Facies C1 (Figure 3.3). Facies C3 was also
very similar to C1, but instead of ripple beds or plane beds, the beds thinned to plane
laminations and became very fissile.
Lithofacies D1 and D2 were grouped into the distal submarine offshore
depositional setting (Figure 3.3). Facies D1 was a black mudstone with sand lenses, clay,
silt sized, immature grains, well sorted, very thin to thin bedding, very fissile fracturing,
and little to no reaction to HCl droplets (Figure 3.3). Facies D2 was a black oil shale with
mud sized grains, mature texture, very well sorted, and laminae were present.
Interpretations of all facies were made by utilizing the works of Nichols, 2009 and
Shanmugam & Moiola, 1988, both of which provide generalized facies associations to
different components of submarine fan settings.
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3.3

Core to Well Log Calibration

Approximately 54 ft of cored well and its descriptions were tied to well log
responses from the Stearns #1 well in the focus of area (Figure 3.1; Figure 3.4; Figure
3.5). The core well serves as a point of extrapolation for the regional dataset, acting as an
analog for any wells with similar log responses that lack available core. The purpose of
the calibration was to note any trends in the well log responses recorded in the same
interval of the available core and tie the trends to actual observed facies. Because the type
well logs strongly matched the nearby core well log, and because the core well logs
strongly correlated to the actual core, the core to well log calibration can be utilized to
predict distribution of facies in other wells in the focus area where only log trends are
present and match those observed in the type well.
The 31.25-foot cored interval in Figure 3.4 (11,050 – 11,181.25 ft measured
depth) displays several fining and coarsening upward trends that appeared to be reflected
in the gamma ray curve for the well (Figure 3.4). To identify coarsening upward and
fining upward trends in the gamma ray track, transitioning changes were noted, with
lower gamma ray values switching to higher gamma ray values being identified as a
fining upward sequence and the opposite being identified as a coarsening upward
sequence (Krassay, 1998; Rider, 1986; Emery & Myers, 1996). In the first calibration
(Figure 3.4), six coarsening upward sequences and five fining upward sequences were
identified in the gamma ray curve. In the actual core samples, six coarsening upward
sequences and six fining upward sequences were observed. The coarser facies (A1, B1,
and B2) correlated to lower gamma ray values (or gamma trends that decreased in
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values). The finer facies (C3, D1, and D2) corresponded to increasing gamma ray trends.
Not all trends were successfully calibrated to a trend on the gamma ray track. From
depths 11,070 to 11,081.25, the overall gamma ray trend is increased, possibly due to
radioactive influence from the underlying Hogshooter Flooding Surface 1 (which begins
at 11,081’) and a delayed reading in the gamma ray tool.
For the 30-foot cored interval in Figure 3.5 (11,148 – 11,178 ft measured depth),
only three coarsening upward and two fining upward trends were identified in the gamma
ray curve. Six coarsening upward and five fining upward sequences were identified
within the corresponding core samples. However, several of the sequences in the second
calibration were perhaps too thin to result in a notable change on the gamma ray track.
Gamma ray tool technology in 1991 only offered a vertical resolution of 2 ft in a 12-inch
radius of investigation (Barber, 1991). Almost all of the wells in the dataset were drilled
prior to 1991.
Like the first calibration, the decreasing gamma ray trends correlated relative to
coarser facies in the interval (A1 and A2) and the increasing gamma ray trends correlated
to the finer grained facies (C1, C2, and C3). The calibration results of both core intervals
show that arkosic sandstone facies typically registered a gamma ray range of 50 to 105
API units. These values were later used to pick out sand intervals on all wells in the study
area.
Of all the correlations, no responses were in perfectly alignment to the expected
lithology, suggesting the measurements of the gamma ray tool’s resolution are not high
enough to detect facies thinner than 2 ft. Each correlation typically was made within an
offset of no more than 1-2 ft. The deep resistivity and density curves for the core well are
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shown in Figure 3.4, but their responses display no significant trends regarding the facies
of the core.
3.4

Cross Sections

Cross sections used to map and loop tie 16 regionally correlated stratigraphic
surfaces indicate boundaries for cycles/sequences of the third, fourth, and fifth order
within the Missourian interval. Fifth order cycles were defined as packages between
flooding surfaces and wash formation tops (per Van Wagoner, 1995). Eight fifth order
cycles were identified (Figure 3.8). Fourth order cycles were defined as packages
reflecting transgression or regression. Three fourth order cycles were identified (Figure
3.8). The entire Missourian interval was designated as a singular third order sequence, as
the chronostratigraphic surfaces marking the top (Cottage Grove Wash top) and bottom
(Marmaton top) of the Missourian delineate a sequence with a time interval of 1.5 million
years, which is consistent with Mitchum and Van Wagoner’s hierarchy of interpreted
eustatic cyclicity (Mitchum & Van Wagoner, 1990) (Figure 3.8). A breakdown of these
third, fourth, and fifth order identifications via chronostratigraphic surfaces can be seen in
Figure 3.8.
Two other cross sections were constructed to highlight the subsurface architecture
of the Missourian interval parallel to the Mountain View fault system (Figure 3.6) and
perpendicular to the Mountain View fault system (Figure 3.7). Both include picked sand
intervals on each individual well included in the cross section to highlight sand thickness
trends.
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3.4.1

Focus Area Correlative Surfaces

Well log response trends for flooding surfaces, flooding surface bottoms, wash
tops, and third order boundaries were mapped across the focus area after the Hogshooter
Formation in the center of the focus area was calibrated to core. Large gamma ray spikes
(> 200 API), along with decreased resistivity and bulk density were observed in
association with a black shale sample of the Hogshooter Flooding Surface 1 (interpreted
to be deposited via marine flooding). The log response for the Hogshooter Flooding
Surface 1 was nearly identical to the other five flooding surfaces correlated in the
Missourian interval.
Decreased gamma ray spikes (< 105 API), along with increased resistivity and
bulk density corresponded to arkosic sandstone in the Hogshooter Formation (interpreted
to be deposited during turbidite processes). Quickly fluctuating readings could
correspond to at least six different interbedded/interlaminated facies.
The extent of the surfaces observed in the focus area is unknown in the regional
area.
3.5

Subsurface Maps

Several subsurface maps of the study area were gridded: nine structural maps
(Figure 3.9; Figure 3.10; Figure 3.11), one dip angle map (Figure 3.12b), one third order
isopach map (Figure 3.13), three fourth order (parasequence sets) isopach maps (Figure
3.14), eight fifth order (cycles) isopach map (Figure 3.15; Figure 3.16), and six net sand
maps (Figure 3.17; Figure 3.18; Figure 3.19).
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3.5.1

Structural Map Results

Figures 3.9, Figure 3.10, and Figure 3.11 show nine TVDSS (Kelly Bushing
minus true vertical depth) depth structure maps gridded on various flooding surfaces and
wash top surfaces. Each surface was geographically extensive in the study area. The three
figures each reflect the subsurface maps at the top (wash top), middle (first flooding
surface), and bottom (second flooding surface) of each wash in the study (Cottage Grove
Wash, Hogshooter Wash, and Checkerboard Wash).
Each subsurface structural map shows the same trends. The highest elevations of
TVDSS depth originate in the southwestern part of the focus area and gradually decrease
moving eastward (Figure 3.9; Figure 3.10; Figure 3.11). The deepest elevations of any
subsurface map can be seen in the southeastern corner of the focus area (Figure 3.9;
Figure 3.10; Figure 3.11).
3.5.2

Dip Map Results

Figure 3.12b shows a dip angle map of the focus area overlain with fault locations
derived from literature (LoCricchio, 2012; Mitchell, 2011; Mitchell, 2014; Pearson &
Miller, 2014). However, the red/yellow colored zones of the map signify the more
probable location of the fault in the Missourian interval. The red/yellow areas in Figure
3.12b represent areas where the Cottage Grove Flooding Surface 2 top at a well declines
more than 6 degrees to reach the next top toward the northeast part of the focus area
(which is the generalized dip azimuth for the region). Because few trends on Figure 3.12b
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followed the placement of the faults from literature, corrected faults were drawn in on
Figure 3.12c.
Fault 1 is the furthest from the mountain front. Two wells 0.86 mi. apart (one on
the upthrown block and the other on the downthrown block) show vertical displacement
of 447 ft (Figure 12). Fault 2 was a smaller fault closer to the mountain front that was
slightly corrected in position. However, no displacement could be calculated for Fault 2,
as no well with data exists on the downthrown side of the fault. Fault 3 is located within
the mountain front and a new fault not previously reported in literature. Two wells 1.09
mi. apart show a vertical displacement of 371 ft (Figure 12).
3.6

Isopach Map Results

Each isopach map displays thickness trends at three different orders of cyclicity.
The third order Missourian sequence reached no more than 1,900 ft in total thickness
(Figure 13). The fourth order parasequence sets varied in thickness from 100 ft to 1500 ft
(Figure 14). The fifth order cycles offer the highest resolution within the stratigraphic
hierarchy, showing the effects (or lack thereof) of the faulting in the focus area at several
specific chronostratigraphic intervals. The fifth order cycles varied in thickness from 10
ft to 500 ft.
3.6.1

Third Order Isopach Map Results

Within the focus area, two major depocenters (areas of major sediment
deposition) were identified at the third order. The depocenters are located on the
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upthrown side of the Mountain View fault system (Figure 3.13), with the western
depocenter reaching a maximum thickness of roughly 1,700 ft and the southern
depocenter also reaching a maximum thickness of roughly 1,700 ft. Both depocenters
generally follow strike but encroach upon the reported Mountain View fault system
(Figure 3.13) (Pearson & Miller, 2014). They do not advance beyond Fault 1. The
western depocenter is constrained by Fault 1 and thins to 1,220 ft outward into the basin,
while the southern depocenter is somewhat constrained by Fault 2, though thickening
only begins to sharply decline at Fault 1 (Figure 3.13). The southern depocenter
eventually thins to 1,200 ft outward into the shelf, though some gradual thinning occurs
beyond the fault for approximately 2 mi. (Figure 3.13).
An area in the top left corner of the map (northwest) displays the thinnest mapped
portion of the the Missourian interval, reaching a minimum thickness of 1,000 ft. The
third order isopach map offers the least detailed resolution within the stratigraphy.
3.6.2

Fourth Order Isopach Map Results

The Missourian third-order cycle is comprised of a subset of three fourth-order
parasequence sets, each representing either a regressive or transgressive sequence (Figure
3.14). These parasequence sets are further broken down into a subset of cycles.
Parasequence Set 1 is comprised of cycles one, two, three, and four of the fifth-order
cycles. Parasequence Set 2 is comprised of cycles five and six of the fifth-order cycles.
Parasequence Set 3 is comprised of cycles seven and eight of the fifth-order cycles.
Parasequence 1 is a regressive sequence with two thick depocenters along strike
that are adjacent and parallel to the Mountain View fault system (Figure 3.14a). The set
41

reaches a maximum thickness of roughly 1,250 ft in both the western and southern
depocenters and a minimum thickness of 500 ft in the northmost regions of the map. The
western depocenter thins out to 650 ft northeastern-ward as it crosses over Fault 1 (Figure
3.14a). The southern depocenter thins out to 750 ft northeastern-ward as it crosses over
Fault 3 (Figure 3.14a). Both depocenters are rounded and resemble the shape of fan delta
systems.
Parasequence Set 2 is a transgressive sequence with opposite trends observed in
both Parasequence Set 1 and Parasequence Set 3 (Figure 3.14b). The thickest sections of
the map (~500 ft) occur in the paleo-shelf and the thinnest areas of the map (~100 ft)
occur more proximal and parallel to the Mountain View fault system (Figure 3.14b).
Fault 1 only somewhat constrains the thickness of Parasequence Set 2, while Fault 2 and
3 mark areas of abrupt thinning on the upthrown blocks (Figure 3.14b).
Parasequence Set 3 is a regressive sequence with two thick depocenters along
strike that are adjacent and parallel to the Mountain View fault system (Figure 3.14c).
The set reaches a maximum thickness of roughly 530 ft in the western depocenter and
550 ft in the southern depocenter (Figure 3.14c). Both depocenters thin to about 330 ft as
they cross over the faults (Figure 3.14c). The thinnest area in the set was observed in the
northeast, with a minimum thickness of roughly 130 ft (Figure 3.14c). The set is half as
thick as Parasequence Set 1 and the depocenters are more erratically distributed.
3.6.3

Fifth Order Isopach Map Results

The fifth-order cycles recorded the highest resolution within the Missourian
stratigraphic column and are the equivalent of a parasequence. Eight individual cycles
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within the three previously mentioned fourth-order parasequence sets were identified.
The fifth-order cycles reflect interval thickness trends across the Mountain View fault
system and allow for identification of depocenters nearby the fault. Though each cycle
reflected their own unique trends, the most notable occurred in cycles two, four, and five.
These cycles display greater thickness on the downthrown block of the Mountain View
fault system as compared to the thicknesses seen on the upthrown blocks (Figure 3.15;
Figure 3.16). In cycles one, three, seven, and eight, thickening significantly decreased or
stayed the same on the downthrown side of the Mountain View fault system (Figure 3.15;
Figure 3.16).
Cycle one reaches a maximum thickness of approximately 310 ft near the
mountain front and thins to 180 ft on the downthrown block of Fault 1 (Figure 3.15). It
then thickens again to roughly 240 ft northwest-ward (Figure 3.15). Three depocenters
may be present parallel to the mountain front and appear to be loosely connected. The
southern depocenter does not thicken across any fault, while the southeastern depocenter
thins across Fault 3 and thickens across Fault 1 (Figure 3.15).
Cycle two contains two areas of major deposition (one in the northwest and one in
the southeast). The northwest deposit reaches a maximum thickness of ~220 ft and occurs
on the downthrown block of Fault 1 (Figure 3.15). The southeast deposit reaches a
thickness of ~290 ft and occurs on the downthrown block of Fault 3 and the upthrown
block of Fault 1 (Figure 3.15). A third depocenter may be present in the south-central
area of the map, however, the focus area cuts off due to lack of data closer to the
Mountain View fault system (Figure 3.15).
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Cycle three has a maximum thickness of 300 ft at a west-central depocenter on the
upthrown block of Fault 1 (Figure 3.15). It thins to 100 ft on the downthrown block of
Fault 1 (Figure 3.15). A much thinner depocenter with a maximum thickness of 180 ft
occurs in between Fault 1 and Fault 2. Across Fault 1, it gradually thins to 100 ft as well
(Figure 3.15).
Cycle four has a maximum thickness of 300 ft at a west-central depocenter on the
upthrown block of Fault 1, like Cycle three, though this depocenter is more extensive in
the focus area (Figure 3.15). The depocenter sees a slower decline in thickness across
Fault 1, eventually thinning to 160 ft (Figure 3.15). An east-central depocenter (~240 ft)
thins upward into the Mountain View fault system to ~180 ft across Fault 1 onto its
upward thrown block (Figure 3.15). It then thickens on the upthrown block of Fault 3
(~210 ft).
Cycle five has a maximum thickness of 290 ft at a west-central depocenter on the
upthrown block of Fault 1, like Cycles three and four, though this depocenter is more
constrained and reaches further to the northwest (Figure 3.16). It thins to around 100 ft
across Fault 1 (Figure 3.16).
Cycle six is the only cycle in which most of the thickest areas of the map occur on
the downthrown side of Fault 1 (Figure 3.16). An extensive depocenter in the northeast
part of the focus area reaches a maximum thickness of over 400 ft (Figure 3.16).
Thinning of the depocenter occurs in a southwestward direction across Fault 1 and Fault
3, where it thins to roughly 200 ft (Figure 3.16). Thinning continues across Fault 2 to
roughly 80 ft (Figure 3.16).
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Cycle seven has two depocenters in the south-central (280 ft) and southeastern
(400 ft) parts of the map (Figure 3.16). The south-central depocenter is constrained to the
upward block of Fault 2 and the southeastern depocenter is constrained to the upward
block of Fault 1 (Figure 3.16). Both thin to roughly 160 ft on the downward blocks of
these faults (Figure 3.16).
Cycle eight displays the lowest variation in thickness of any of the cycles (Figure
3.16). The color scale was changed to 0 – 300 ft to emphasize variations in thickness
(Figure 3.16). The rest of the cycles use a 0 – 400 ft color scale (Figure 3.16). The
thickest deposition occurred in the south-central part of the map, reaching roughly 230 ft
in maximum thickness (Figure 3.16). The depocenter only thins to 150 ft across Fault 2,
before thickening to 200 ft across Fault 1 (Figure 3.16).
3.7

Net Sand Maps

Each net sand map displays net thickness of sand picked off the gamma ray log
(typically < 105 API) at the fifth order of cyclicity hierarchy. Six net sand maps were
generated (Figure 3.17; Figure 3.18; Figure 3.19), each corresponding to a fifth order
cycle, which was underlain by a flooding surface. No sand maps were generated for
cycles one and six, as these cycles were not deposited in a wash formation.
3.7.1

Net Sand Map Trends

The sand in Cycle two (above the Checkerboard Flooding Surface 2) is primarily
deposited in the south-central area of the focus map, ranging in thickness from 200 - 280
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ft on the upthrown side of Fault 3 (Figure 3.19). On the upthrown side of Fault 1, the
sand declines in thickness from 260 ft to 40 ft (Figure 3.19). On the downthrown side of
Fault 1, the thickness drops below 10 ft on the shelf (Figure 3.19). Two other areas of
minor sand deposition were noted on the map, one in the northwest corner and one in the
southeast-east (Figure 3.19).
The sand in Cycle three (above the Checkerboard Flooding Surface 1) is primarily
deposited in the west and southeast-west area of the study area map (Figure 3.19). The
western deposits ranges in thicknesses of 40 ft to 250 ft on the upthrown side of Fault 1
and gradually decreases to 20 ft on the downthrown side (Figure 3.19). The southeastwest deposit ranges in thicknesses of 100 to 150 ft on the upthrown block of Fault 3, 70
to 150 ft on the upthrown block of Fault 1, and 10 to 70 ft on the downthrown block of
Fault 1 (Figure 3.19).
The sand in Cycle four (above the Hogshooter Flooding Surface 2) is primarily
deposited in the southwest to south central-portion of the map (Figure 3.18). Thicknesses
range from 190 ft to 280 ft on the upthrown block of Fault 1 and 60 to 190 ft on the
downthrown block (Figure 3.18). A secondary deposit located in the southeast portion of
the map reaches thicknesses of 120 to 150 ft on the upthrown side of Fault 2 before
thinning to 60 ft on the downthrown side (Figure 3.18).
The sand in Cycle five (above the Hogshooter Flooding Surface 1) clusters mainly
in the western part of the map, ranging in thickness from 110 to 170 ft on the upthrown
block of Fault 1 and 10 to 110 ft on the downthrown side (Figure 3.18). A secondary
deposit located in the southeast-west shows thicknesses up to 130 ft on the upthrown side
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of Fault 2, 50 to 120 ft on the upthrown side of Fault 1, and 10 to 50 ft on the
downthrown side of Fault 1 (Figure 3.18).
The sand in Cycle seven (above the Cottage Grove Flooding Surface 2)
concentrates in two major areas: the southeast and the southeast (Figure 3.17). The
southwestern sand buildup thickens up to 170 ft on the upthrown block of Fault 3 and 60
to 170 ft on the upthrown block of Fault 1 (Figure 3.17). The southeastern sand buildup is
smaller but thickens up to 160 ft on the upthrown block of Fault 2. It then thins to 70 ft
on the upthrown block of Fault 1 (Figure 3.17).
The sand in Cycle eight (above the Cottage Grove Flooding Surface 1) was
deposited in the western portion of the map, spread in a very parallel manner adjacent to
the Mountain View fault system (Figure 3.17). On the upthrown block of Fault 1,
thicknesses range from 40 to 130 ft (Figure 3.17). The sand then thins to 10 to 40 ft on
the shelf as it crosses over Fault 1 (northeastward) (Figure 3.17). A second deposit begins
to appear in the northwest corner of the map where the data cuts off (Figure 3.17).
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Fault 1
Fault 3

Fault 2

Figure 3.1

Type section, type well, and core well reference map.
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Figure 3.2

Core photos of medial submarine fan lobe facies with detailed rock descriptions, core depth location for an example,
interpreted depositional process, and lithologic symbols.

Offshore
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Figure 3.3

Core photos of distal submarine fan lobe and offshore facies with detailed rock descriptions, core depth location for
an example, interpreted depositional process, and lithologic symbol.

Figure 3.4

Stearns #1 log-to-core calibration one of two (11,050 – 11,081.25 ft
measured depth).
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Figure 3.5

Stearns #1 log-to-core calibration two of two (11,148 – 11,173 ft measured
depth).
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Figure 3.6

Structural type section (A-A’) of the Missourian interval perpendicular to the Mountain View fault system
(southwest to northeast). Net sand intervals are included to display trends of thickening or thinning. Actual raster log
images omitted due to poor resolution after scaling.
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Figure 3.7

Structural type section (B-B’) of the Missourian interval parallel to the Mountain View fault system (northwest to
southeast).
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Figure 3.8

Type section (C-C’) showing a breakdown of the stratigraphic hierarchy of the Missourian interval. Eight cycles
were identified at the fifth order, three parasequence sets at the fourth order, and one sequence at the third order.
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2.29
°

Figure 3.9

Cottage Grove focus area structure maps: (A) Cottage Grove Wash; (B) Cottage Grove Flooding Surface 1; and (C)
Cottage Grove Flooding Surface 2.
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2.29°

Figure 3.10 Hogshooter focus area structure maps: (A) Hogshooter Wash; (B) Hogshooter Flooding Surface 1; and (C)
Hogshooter Flooding Surface 2.
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2.29°

Figure 3.11 Checkerboard focus area structure maps: (A) Checkerboard Wash; (B) Checkerboard Flooding Surface 1; and (C)
Checkerboard Flooding Surface 2.
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Figure 3.12

307°

(A) A structure map contoured on the Cottage Grove Flooding Surface 2, used as the basis to calculate (B) a dip angle
contour map to show areas of high vertical displacement between top picks. (C) Faults from literature were corrected by
drawing in new suspected locations (red-dashed lines). Vertical displacement was calculated for Faults 1 and 3.

Missourian
Sequence
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Fault 1
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Fault 2

Figure 3.13 Focus area isopach map for the Missourian Stage (third-order sequence).
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Parasequence
Set 3

Fault 1
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Fault 2

Figure 3.14

Focus area isopach maps at three different stratigraphic intervals for the Missourian Stage (fourth-order
parasequence sets): (A) Parasequence Set 1; (B) Parasequence Set 2; and (C) Parasequence Set 3.
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Figure 3.15 Focus area isopach maps at three different stratigraphic intervals for the Missourian Stage (fifth-order cycles): (A)
Cycle 1; (B) Cycle 2; (C) Cycle 3; and (D) Cycle 4.
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Figure 3.16 Focus area isopach maps at three different stratigraphic intervals for the Missourian Stage (fifth-order cycles): (A)
Cycle 5; (B) Cycle 6; (C) Cycle 7; and (D) Cycle 8.
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Figure 3.17 Cottage Grove focus area sand maps: (A) Cycle 8; and (B) Cycle 7.
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Figure 3.18 Hogshooter focus area sand maps: (A) Cycle 5; and (B) Cycle 4.
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Figure 3.19 Checkerboard focus area sand maps: (A) Cycle 3; and (B) Cycle 2.
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CHAPTER IV
DISCUSSION

4.1

Introduction

One of the goals of the study was to determine the extent to which known faulting
in the regional area influenced sedimentation during the Missourian stage after
stratigraphically mapping and correlating formation tops in the focus area. Three
temporal resolutions of isopach maps were generated across fault blocks to understand
the variance in stratigraphy across the faults. To observe the extent of fault movement, a
dataset of similar flooding surfaces and granite wash formations in the same stratigraphic
interval (Missourian) were chosen to generate source rock and reservoir-scale structure
maps, isopach maps, and net sand maps across the fault lines. Outcomes of this research
include: observation of stratigraphic variability across three different faults, identification
of faulting/non-faulting at the fifth-order scale of stratigraphic hierarchy, and
interpretation of depositional environments from well log signatures after calibrating core
data to log data.
4.2
4.2.1

Interpretation of Depositional Environments
Submarine Fan Deposits
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The overarching depositional environment from which all facies were derived is
likely a submarine fan. Submarine fans are bodies of sediment on the seafloor deposited
by mass transport processes, which create a distinct fan shape (Covault, 2011). The fan
can be divided into several sub environments of deposition produced through varying
processes, such as submarine fan channels, levees, lobes, drapes, and turbidite sheets
(Covault, 2011). Although the isopach and sand maps do indicate the presence of
submarine fan channels and levees, all the identified facies were interpreted to have been
deposited more distally on the fan lobes of the submarine fan, or offshore (likely due to
only a limited section of core being available). Additional core sampling may have
displayed fluvially deposited sandstones or alluvial gravel/cobble conglomerates.
Depositional fan lobes are broad, slightly convex bodies of sediment at the distal
ends of channels that spread out via turbidity currents (Shanmugam & Moiola, 1988).
Individual lobes are created through time via a succession of stacking turbidity currents
(Shanmugam & Moiola, 1988). The turbidity currents deposits tend to extend basinward
as they successively stack through time (Shanmugam & Moiola, 1988).
Medial to distal fan lobe deposits (e.g. facies A1, A2, B1, B2, C1, C2, and C3) are
comprised of medium grained sandstones to interbedded siltstones and shales (Nichols,
2009). They indicate flow of low-density turbidity currents and/or low-density debris
flows (Nichols, 2009). Figure 4.1 shows facies A1 and A2 expected to be deposited near
the front of the submarine fan lobe. Facies B1 and B2 also were likely deposited in the
submarine fan, but more towards the center (Figure 4.1). Facies C1, C2, and C3 were
predicted to have been deposited on the distal fan lobe, rather than the submarine fan
(Figure 4.1).
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The deep, offshore deposits are slightly more distal, occurring beyond the edge of
the fan, and are often much thinner than the fan lobes. They are comprised of finegrained terrigenous particles transported seaward in surface suspension (Nichols, 2009).
The composition for the offshore deposits may vary in origin (terrigenous, biogenic
grains, organic matter, or authigenic-diagenetic material) (Nichols, 2009). Facies D1 and
D2, are likely composed of terrigenous detrital particles and biogenic grains as indicated
by the complete lack of coarser grained sediment (Nichols, 2009). Hemipelagic
mudstones are also commonly interbedded in turbidite deposits (Nichols, 2009). The D
facies observed in this study are very similar to facies identified as being
distal/hemipelagite in previous studies in the region (Jordan, 2017, Koch et al., 2017).
4.3
4.3.1

Missourian Hierarchy Analysis
Missourian Third Order Sequence

The Missourian sequence (comprised of the Lansing and Kansas City Group) has
a temporal duration of 1.5 Ma (306.5 – 305.0 Ma) and is interpreted as a third-order
interval recording one cycle of glacio-eustasy (after Mitchum and Van Wagoner, 1990).
The Missourian third-order interval is bounded by two basin-wide correlative surfaces:
the top of the Marmaton group, a maximum flooding surface at the bottom, and the top of
the Cottage Grove Wash at the top. The cycle deposited in between the two surfaces is
interpreted as one genetic sequence. Producing a thickness map of the Missourian
interval in the focus area at the third order indicates that the sequence comprises the distal
ends of two fan lobes divided by a subsequent main distributary channel/incised valley.
The lobes also appear to be contained by the faults, suggesting large scale fault
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movement did not occur and faulting was limited to specific fifth order cycles. Higherresolution mapping of the fourth and fifth order cycles was required to analyze more
specific sites of sediment deposition and view individual fan systems, as well as faulting
at shorter durations.
4.3.2

Missourian Fourth Order Parasequence Sets
As per Mitchum and Van Wagoner (1990), the fourth-order cycles mapped are

interpreted to have been deposited over time intervals of 0.1 - 0.2 million years. These
intermediate parasequence sets may show an overall trend of aggradation (lowstand or
highstand), progradation/degradation (falling stand or highstand), retrogradation
(lowstand or transgressive), or lapping (on, off, top, or down). Parasequence sets 1 and 3
show a trend of prograding basinward steps of a higher energy facies, in which the
overall rate of sediment supply outpaced rising relative sea level during deposition of
these parasequence sets. Parasequence set 2 inversely showed a retrogradational trend,
likely due to a marine transgression, and was interpreted to have been deposited during a
period in which sediment supply was decreasing and/or rising sea level was greater than
sediment supply.
4.3.3

Missourian Fifth Order Cycles

The highest resolution cycles contained within the study are the fifth-order cycles.
The Missourian sequence contains at least eight cycles which are bounded by flooding
surfaces or granite wash tops. The flooding surfaces represent times of rising base level
which increased accommodation space. Although the cycles from this study are similar,
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not all show a clear shallowing upward trend like classical marine systems (Van
Wagoner, 1995). Due to the coarse-grained nature of the fan lobe deposits and lack of
wave generated sedimentary structures, these cycles likely prograded basinward and the
expected facies seen landward (or more proximal) are not easily differentiated via well
log signatures.

4.3.4

Term Clarification

According to Mitchum and Van Wagoner (1990), parasequences are deposited
over a period of 10,000-20,000 years. However, with only eight cycles in the fifth order
for this study, the cycles in this study do not fit the definition of a parasequence set by
Mitchum and Van Wagoner in a temporal sense. The fifth order cycles are definitively
higher temporal resolution than fourth order (200,000-500,000 years) and could be
thought of as parasequences, with the caveat being they were deposited over a period of
100,000-200,000 years. It should also be noted that the D1 facies may be indicative of the
presence of other flooding surfaces in the entire Missourian sequence. However, if these
surfaces were less than two ft thick (as is the case for facies D1), they may have been
undetected by the gamma ray tool’s resolution limitations (Barber, 1991).
4.4

Fault Timing and Duration

Although mapping of the third-order sequence did not display an overall trend of
faulting, higher-resolution mapping of the fifth-order cycles allowed better isolation of
fault timing, as some cycles showed minimal evidence of fault block movement while
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others show clear thickening across faults. Fault movement could be identified in cycles
that display thickening/sediment deposition across the Mountain View fault system (both
literature faults and corrected faults). In cycles where depocenters thinned significantly
after crossing a fault, fault movement was not likely to have occurred, possibly due to a
lack of uplift at the time. In ancient submarine fan systems, beds are commonly deformed
and faulted during the process of uplift (Nichols, 2009). Because the Missourian lasted
approximately 1.5 million years, and eight cycles were mapped at the fifth-order,
timing/duration of faulting was restricted to approximately 187,500 years (the average
length of each cycle).
It can be concluded that fault movement took place within the fifth-order cycles at
separate times and even locations. In reviewing all the previous isopach and sand maps
from the results, all cycles show some evidence of faulting associated with the Mountain
View fault system, except for cycles five, six and seven. Cycle six does thicken on the
downthrown blocks of Fault 1, but this was more likely due to a transgression rather than
fault movement.
4.4.1

Inconclusive Evidence of Missourian Third Order Syndepositional
Faulting

The Missourian third-order sequence thickens to 1,740 ft in both depocenters.
Moving northeastward across both Fault 1 and Fault 2, the isopach thickness decreases
more than 400 ft basinward. The southern depocenter may have thickened across Fault 3,
but a lack of well data on the upthrown block of Fault 3 makes it impossible to confirm
this. It is also unknown how far Fault 3 continues northwestward, meaning it is also
impossible to distinguish whether the western depocenter thickened across Fault 3. Given
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these caveats, the Missourian sequence at the third-order may be characterized as a nonfaulted, with higher resolution required to view and time duration of existing faults.
4.4.2

Missourian Fifth Order Non-Faulted Cycles

The isopach maps and net sand maps produced similar trends for all cycles,
indicating topographic relief across fault blocks during sedimentation. As stated before,
not every mapped fifth order cycle showed increased thicknesses across faults (Figure
4.2). Cycles three, seven, and eight display depocenters which cross over faults and thin
basinward on the downward blocks.
Cycle three showed some large deposits of sediment, but all of them were
constrained by or thinned across the faults (Figure 4.3). Cycles which thinned across
faults were interpreted to have been non-faulted, as not enough uplift occurred to result in
erosion. Cycle five’s depocenter reached a maximum thickness of 300 ft and thinned to
190 ft across Fault 1 over 2.27 mi. but showed increased thickness across Fault 3. Cycle
seven’s southern depocenter reached a maximum thickness of 250 ft and thinned to 200 ft
across Fault 3 over 0.95 mi. Cycle seven’s southeastern depocenter was much thicker (at
least 400 ft). It maintained thickness across Fault 3, thinned to 300 ft across Fault 2, and
thinned further to 160 ft across Fault 1 (all over 4.17 mi.). Cycle eight showed the least
variation of thickness among all cycles, needing to have its scale adjusted to 0 – 300 ft
rather than 0 – 400 ft on its isopach map to properly visualize variations in thickness
(Figure 4.2). These cycles could be interpreted as forced regressions during their
depositions, or times in which high sediment supply sourced from the mountain front
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outpaced accommodation. The basinward thinning of the sand further reinforces the
interpretation of progradational stacking.
Cycle six is also thought to be non-faulted. Though it does increase in thickness
across faults, it is more likely due to a marine transgression rather than tectonic
movement. Although a sand map was not generated for cycle six due to its predominantly
higher gamma ray values, further supporting the hypothesis that cycle six was a
transgression. It is expected that a net sand map of cycle six would be uniformly near 0 40 ft across the focus area. Because cycle one was not part of a Missourian granite wash
and because it entails the Cleveland Sand (which was not mapped in this study), an
interpretation was not made on cycle one.
4.4.3

Missourian Fifth Order Syndepositional Faulting

Cycles two, four, and five showed some evidence of thickening across fault
blocks, though each showed varying trends. All cycles had two depocenters, but only one
depocenter thickened across a fault, while the other depocenters displayed the same
trends seen in the non-faulted cycles. Figure 4.4 and 4.5 best illustrate evidence of fault
movement. By comparing isopach to sand maps and seeing similar trends among the two,
it rules out the possibility of another lithology or event being the cause of high
sedimentation seen on both maps (Figure 4.4).
Although a sand map for cycle six was not generated, it is likely the increased
thickness on the downthrown block of Fault 1 would not be seen on a cycle six sand map.
Much of the thickness increase was a sediment of higher gamma values, which can be
deduced as a transgression event, illustrating the importance of Figure 4.4.
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In cycle two, the southern depocenter maintains a constant sand thickness across
Fault 3 at 200 ft over 1.10 mi. However, the southeastern depocenter is on the
downthrown block of Fault 2. Its total sand thickens from 40 ft on the upthrown block to
90 ft on the downthrown block over 1.95 mi.
In cycle four, the southwestern corner of the map increases in total sand thickness
from 30 ft on the upthrown block of Fault 1 and increases to 100 ft on the downthrown
block toward the basin over 3.31 mi. The western depocenter thins across Faults 1 and 3,
though the high sedimentation is likely a result of an unseen fault. The cross-section in
Figure 4.5 shows a somewhat marginal increase of thickness across Fault 1.
In cycle five, the western depocenter increases in total sand thickness from 140 ft
to 260 ft (at least) across Fault 3 over 2.84 mi. The southeastern depocenter also appears
to cross Fault 3 and reach a maximum thickness of 200 ft, though the starting point of
thickness increase is unknown due to lack of mountain front data. It then thins to 40 ft
across Fault 2. The cross-section on Figure 4.5 best illustrates the massive increase in
thickness across Fault 3.
For each of these cycles, increased thickening on depocenters was unaffected by
the mapped faults is likely the result of channel delivery and fan apron deposition,
coupled with erosion and thinning on the upthrown blocks. These cycles all appear to be
progradational with some for some of subaqueous fan lobes being formed by more
unseen faulting more proximal to the mountain front.
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4.5

Summary of Discussion

One primary purpose of this study was to determine the extent of faulting that
occurred during the deposition of the Missourian and time the movement of fault blocks
down to the fifth order scale (after core had been calibrated to well logs and isopach/net
sand maps were generated). The study found that fault movement did not occur all at
once, but in several cycles (two, four, and five) and at different fault locations (Faults 1,
2, and 3). Fault 2 appears to have occurred sometime during the deposition of cycle two
(306.3 – 306.1 Ma). Fault 3 appears to have occurred sometime during the deposition of
cycle five (305.7 – 305.5 Ma). And Fault 1 seems to have occurred sometime during the
deposition of cycle four (305.9 – 305.7 Ma). The faulting seen at the fifth-order cycles is
likely related to tectonic uplift various times throughout the Missourian. The increased
accommodation space allowed for the outbuilding of the fan lobe structures observed in
the isopach and net sand maps (Figure 4.6). Even in cycles where fault movement was
not observed, the deposition of sediment into structures resembling fan aprons suggests
environmental and tectonic conditions were likely similar to that seen in cycles two, four,
and five. It could be hypothesized that the source of the sedimentation was the result of
other undetected upthrown fault blocks (due to a lack of data). Further testing is needed
to determine the source of the sedimentation.
4.5.1

Problems and Obstacles

The dataset provided by the Mississippi State Department of Geosciences is
extremely extensive in the southwestern portion of the Anadarko Basin. However, none
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of the data provided were in digital (.LAS) format, meaning many limitations were faced.
Curve calculations had to be done manually or not at all, due to the extensive time
required to digitize well log curves. In this project’s case, 148 wells each with three
critical logs would have needed to be digitized over a depth of roughly 2,000 ft.
Additionally, the focus area seemed particularly devoid of data as compared to the
surrounding area, despite showing the strongest production shows in the area. The study
could have been improved with stronger well control in the focus area, leading to less
isolated points/bullseyes on some of the subsurface and thickness maps produced.
Critically lacking in the project was well data more proximal to the Amarillo-Wichita
Uplift. The data gap prevented complete identification of all faults controlling
sedimentation of the Missourian in the focus area.
The lack of digitized data also resulted in substantial subjectivity regarding the
way in which the net sand maps were produced. Rather than being able to use
petrophysical equations to calculate percent of sand at any given depth, a gamma ray
value cutoff was determined by looking at core and calibrating the sand interval to a
depth interval and using that depth’s highest gamma ray value (~105 API) as a guideline
for identification of sand. However, the gamma ray value appeared to constantly need
adjustment, as certain well logs were scaled up or scaled down, despite having the same
overall trend. Utilizing a cutoff value is not ideal due to the high feldspar content of the
Granite Wash reservoirs elevating gamma ray values, which can easily lead to
misinterpretations of sand as a shale or mudstone.
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4.5.2

Future Work

In order to improve upon the current understanding of the Missourian Granite
Wash, the following is suggested: 1) performing a similar study to this in the rest of the
southwestern Anadarko basin (Hemphill and Roberts county); 2) inclusion of
porosity/permeability thickness maps to further identify desirable areas within the net
sand maps; 3) incorporation of seismic data into the study to better interpret faults and
view the stratigraphic hierarchy across a greater area than permitted by the focus area;
and 4) examination of sedimentation and depositional patterns of the Virgillian Series
(above the Missourian) with a similar methodology to the one used in this thesis.
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Figure 4.1

Fan-deltaic, submarine fan facies model. The model is labeled with letters in the four areas where the facies
observed from core are predicted to have been deposited. Adapted after Koch et al., 2017.
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Figure 4.2

A side-by-side comparison of cycle eight and cycle four’s isopach maps to show some cycles maintained a relatively
constant thickness (cycle eight, A) and some cycles displayed inequal sediment distribution (cycle four, B).
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Figure 4.3

A side-by-side comparison of cycle three and cycle four’s isopach maps to show that some cycles which had their
sediment constrained by faulting and thinned on the downthrown sides of fault blocks (cycle three, A), while some
cycles maintained or increased their thickness across faults (cycle four, B).

Net
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Figure 4.4

Net

Net

Comparisons of isopach maps and sand maps for all three cycles with syndepositional faulting. Cycle two shows
increased thickness across Fault 2, cycle four shows increased thickness across Fault 1, and cycle five shows
increased thickness across Fault 3.
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Figure 4.5

Diagrammatic cross section perpendicular to the Mountain View fault system with cycles two, three, four, five,
seven, and eight filled in to illustrate thickness variation across the faults southwest to northeast.
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Figure 4.6

Paleogeographical interpretation of Cycle 5.

CHAPTER V
CONCLUSION

5.1

Conclusion

By creating a chronostratigraphic framework and extrapolating the depositional
environments from well logs calibrated to core interpretations the timing of faulting was
improved and the location of faults was identified and corrected from previous reports
(Pearson & Miller, 2014; LoCricchio, 2012; Mitchell, 2014). Interpretations at the third,
fourth, and fifth order were also made from different depositional patterns of highfrequency sequences and parasequences identified in well logs. The approach mirrored
similar studies in the region (Jordan, 2017 & Koch et al., 2017) and could be applied to
other intervals in the regional area, such as the Atokan and Virgilian. The methodology
could also be replicated in any foreland basin where sedimentation rates were high
because of nearby uplift.
The base of the thesis was dependent upon the calibration of well log trends to
core. The calibration of the well log data with core samples supported the identification
of well log trends associated with fan-delta deposits, which were interpreted to be the
primary depositional environment in the study area. Also, by updating fault positions
from previous literature, it was discovered that three (possibly four) undocumented faults
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characterize the subsurface Missourian within the focus area. The duration of movement
along the discovered faults was estimated through the creation of a chronostratigraphic
framework for the study area. These results contribute to an overall understanding of the
depositional environment of the Missourian Sequence, where base level was likely
falling, resulting in the formation of an offshore fan. Identification of the fault locations
aided in characterizing changes of thickness due to episodic uplift, which coincided with
times of heavy sedimentation.
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APPENDIX A
CORE PHOTOS AND DESCRIPTIONS
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Cored Well 42-483-30669 Photographs (Box 1)

Scale = 3 ft

Figure A.1

Cored well 42-483-30669 box photographs (box one of five). Depths
shown: 11,050 – 11,062.5 ft.
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Cored Well 42-483-30669 Photographs (Box 2)

Scale = 3 ft

Figure A.2

Cored well 42-483-30669 box photographs (box two of five). Depths
shown: 11,062.5 – 11,074 ft.
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Cored Well 42-483-30669 Photographs (Box 3)

Scale = 3 ft

Figure A.3

Cored well 42-483-30669 box photographs (box three of five). Depths
shown: 11,077 - 11,081.25 ft.
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Cored Well 42-483-30669 Photographs (Box 4)

Scale = 3 ft

Figure A.4

Cored well 42-483-30669 box photographs (box four of five). Depths
shown: 11,148 – 11,158 ft; 11,162 – 11,163.8 ft.
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Cored Well 42-483-30669 Photographs (Box 5)

Scale = 3 ft

Figure A.5

Cored well 42-483-30669 box photographs (box five of five). Depths
shown: 11,163.8 – 11,173 ft; 11,202 – 11,204 ft.
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Figure A.6

Detailed core description of the core interval (11,050.00-11,066.00 ft) (one
of five).
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Figure A.7

Detailed core description of the core interval (11,066.00-11,081.33 ft) (two
of five).
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Figure A.8

Detailed core description of the core interval (11,148.00-11,064.00 ft)
(three of five).
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Figure A.9

Detailed core description of the core interval (11,164.00-11,173.00 ft) (four
of five).
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Figure A.10 Detailed core description of the core interval (11,202.00-11,204.00 ft) (five
of five).

101

APPENDIX B
ADDITIONAL SUBSURFACE MAPS
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Figure B.1

Thickness maps of two Cottage Grove flooding surfaces: (A) CG FS1 and
(B) CG FS2.
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Figure B.2

Thickness maps of two Hogshooter flooding surfaces: (A) HS FS1 and (B)
HS FS2.
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Figure B.3

Thickness maps of two Checkerboard flooding surfaces: (A) CB FS1 and
(B) CB FS2.
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Figure B.4

Subsurface dip map generated via the Cottage Grove Flooding Surface 1 formation tops.
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Figure B.5

Subsurface dip map generated via the Hogshooter Wash formation tops.
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Figure B.6

Subsurface dip map generated via the Hogshooter Flooding Surface 2 formation tops.
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Figure B.7

Subsurface dip map generated via the Checkerboard Flooding Surface 1 formation tops.
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Figure B.8

Subsurface dip map generated via the Marmaton formation tops.

